Objective-Platelet activation occurs in response to adhesion receptors for von Willebrand factor (GPIb-V-IX) and collagen (GPVI and ␣ 2 ␤ 1 integrin) acting upstream of phospholipase C (PLC) ␥2. However, PLC␤ transduces signals from G␣q protein-coupled receptors for soluble agonists (P2y 1 , TxA 2 /TP, and thrombin/PAR). A Gi-dependent pathway amplifies most of these responses. Methods and Results-To evaluate the role of adhesion receptors signaling in arterial thrombosis, PLC␥2 knockout mice were studied in blood perfusion assays over fibrillar collagen and in a laser-induced mesenteric artery model of thrombosis. In vitro, PLC␥2-deficient platelets formed a single layer incapable of generating a thrombus on collagen, whereas G␣q-deficient platelets formed reduced size aggregates compared with wild-type cells. In the in vivo model, PLC␥2 Ϫ/Ϫ mice displayed defective thrombus formation in superficial lesions but productive thrombosis after a more severe laser injury. In contrast, resistance to thrombosis was observed in G␣q Ϫ/Ϫ mice in both levels of injury. Conclusions-These results demonstrate that signaling through PLC␥2 plays an important role in arterial thrombosis, but that its contribution depends on the severity of the vascular lesion. (Arterioscler Thromb Vasc Biol. 2005;25:1293-1298.)
P hospholipase C (PLC)-dependent signaling plays an essential part in platelet activation in response to vessel wall injury and could represent an attractive target for treatment of thrombotic diseases. 1 PLC transforms PIP 2 to inositol triphosphate (IP 3 ) and DAG, resulting in mobilization of Ca 2ϩ from intracellular stores and PKC activation, respectively. 2 PLC␤ and PLC␥ are the 2 main isotypes involved in PI hydrolysis in platelets. PLC␤ transduces signals from G␣q protein-coupled receptors for soluble agonists such as P2Y 1 (ADP), TP␣ (TxA 2 ), PAR (␣-thrombin), and 5-HT2A (serotonin). 3 A major role of the G␣q/PLC␤ pathway in platelet activation has been clearly demonstrated in studies using G␣q-deficient mouse platelets, which were unresponsive to ADP, TxA 2 , or thrombin. 3, 4 PLC␥ lies downstream of adhesion receptors such as integrins ␣ 2 ␤ 1 and ␣ IIb ␤ 3 , the glycoprotein (platelet glycoprotein [GP]) Ib-V-IX complex, and GPVI, the major collagen activation receptor. 5 A major role of the PLC␥2 isotype in the response to adhesion receptors has been demonstrated in studies of PLC␥2-deficient platelets. Impaired activation has been observed to von Willebrand factor through its GPIb-V-IX receptor, to collagen, and to GPVI-and ␣ 2 ␤ 1 integrin-specific ligands, 6 -8 and after integrin ␣ IIb ␤ 3 outside-in signaling. 9, 10 A third pathway triggered by ADP/P2Y 12 acting through Gi-PI3K-Rap1b also plays a major role in platelet activation because it amplifies most of the responses triggered by PLC. 11, 12 Despite demonstration of a role of the 2 main PLC pathways in vitro, their relative contribution to arterial thrombosis is less well-characterized.
G␣q Ϫ/Ϫ mice are protected against platelet-dependent thromboembolism, 3 and perfusion of G␣q Ϫ/Ϫ blood over collagen results in formation of smaller aggregates. 13 However, resistance to arterial thrombosis of G␣q Ϫ/Ϫ mice has not yet been clearly documented. Studies of receptors converging on G␣q/PLC␤ nevertheless support an important contribution of this pathway to arterial thrombosis. In particular, mice lacking the P2Y 1 ADP receptor or lacking either of the major thrombin receptors, PAR3 or PAR4, demonstrated resistance to arterial thrombosis. 14 -16 Unlike its well-studied functions in intracellular signaling and platelet activation in vitro, the involvement of PLC␥2 in arterial thrombosis is largely unexplored. An important contribution to thrombus formation has been suggested from perfusion of PLC␥2 Ϫ/Ϫ blood over collagen matrices, which demonstrated a decreased surface coverage by platelets apparently incapable of forming thrombi. 7 Although in vivo thrombosis in PLC␥2 Ϫ/Ϫ mice has not yet been reported, a role of this isotype may be postulated from studies of mice depleted of receptors acting upstream of PLC␥2. [17] [18] [19] Among these, GPVI linked to the Fc receptor (FcR) ␥-chain is a strong promoter of PLC␥2 activation. 20 Mice genetically deficient in GPVI were generated recently, and studies in a collagen flow assay showed normal platelet adhesion but no thrombus formation. 21 In vivo thrombosis evaluated in a GPVI-immune depleted model showed prevention or decreased thrombus formation in carotid arteries. 18 These results suggested that blockade of the GPVI/FcR␥/PLC␥2 pathway could represent an interesting antithrombotic strategy. PLC␥2 has also been implicated in GPIb-V-IX and ␣ 2 ␤ 1 -dependent activation. 6, 7 However, the role of GPIb-V-IX-dependent signaling is difficult to assess in the absence of a suitable animal model, and there is controversy concerning arterial thrombosis protection in ␣ 2 ␤ 1 -deficient mice. 17, 22 An understanding of the role of the 2 PLC pathways that channel signals from adhesive proteins and soluble agonists, respectively, and their relative contribution to arterial thrombosis would be of importance in view of future drug development. Therefore, the aim of this work was to evaluate the contribution of the PLC␥2 signaling pathway to thrombus formation, in relation with the role played by PLC␤dependent signaling. In the absence of PLC␤-deficient mice, a direct insight into its role can be gained from studies of G␣q-deficient animals. PLC␥2-deficient and G␣q-deficient mice were examined using an in vitro model of high shear blood perfusion over a collagen-coated surface and an in vivo thrombosis model with laser-induced mesenteric arteriole injury.
Materials and Methods
Please see http://atvb.ahajournals.org for details.
Mouse Strains
G␣q Ϫ/Ϫ , G␣q ϩ/ϩ , PLC␥2 Ϫ/Ϫ , and PLC␥2 ϩ/ϩ mice were provided by Professor Stefan Offermanns (Universität Heidelberg, Germany) 3 and Professor J. Ihle (St. Jude Children's Research Hospital, Memphis, Tenn), 23 respectively. For detailed methods, please see http://atvb.ahajournals.org.
In Vitro Model of Platelet Adhesion to Immobilized Collagen in a Flow System
Hirudin anticoagulated blood from wild-type and knockout mice was perfused through collagen-coated capillaries and platelet thrombus formation was visualized under a fluorescence microscope. Analysis of surface coverage was performed off-line from numeric photographs of the capillary surface. Thrombus volumes were determined using a fluorescence microscope equipped with a confocal scanner and SlideBook software (Intelligent Imaging Innovations, Denver, Colo).
In Vivo Model of Thrombosis
Localized injury of the luminal surface of a mesenteric arteriole was induced with a pulsed nitrogen dye laser (440 nm) applied through the objective of an inverted Leica DMIRB microscope with a Micropoint system (Photonics Instruments, St Charles, Ill). 24, 25 Thrombus formation was analyzed by wide-field and fluorescent light microscopy using a charge-coupled device camera and a SlideBook software.
Statistical Analyses
Statistical analyses of differences in thrombus formation between 2 mouse strains or after treatment were performed by analyzing mean thrombus volume (perfusion over collagen) or area under curve (arterial thrombosis) and a nonparametric Mann-Whitney test. PϽ0.05 was considered to be significant. All tests were performed using Prism M (GraphPad Software, San Diego, Calif).
Results

Lack of Thrombus Formation in PLC␥2 ؊/؊ Blood and Reduced Thrombus Formation in G␣q ؊/؊ Blood During Perfusion Over a Collagen Surface at High Shear
The requirement for PLC␥2-and G␣q-dependent signaling pathways for thrombus formation was first studied in vitro using a flow assay. Whole blood anticoagulated with the direct thrombin inhibitor hirudin was perfused under arterial flow conditions (3000 s Ϫ1 ) over a fibrillar collagen matrix. Under these conditions, platelets from wild-type mice initially adhered as single cells and progressively formed aggregates, which increased rapidly in size along the collagen fibers ( Figure 1a ). After 90 seconds of perfusion, Ϸ30% of the total surface was covered by platelets, predominantly (80%) in the form of large thrombi (Figure 1b , black bars). Lack of thrombus formation of PLC␥2 Ϫ/Ϫ and reduced thrombus formation of G␣q Ϫ/Ϫ platelets during perfusion over a collagen surface. Hirudin anticoagulated blood from C57BL/6J (WT), PLC␥2 Ϫ/Ϫ , or G␣q Ϫ/Ϫ mice was perfused through glass microcapillaries covered with fibrillar type I collagen (2.5 mg/mL) at 3000 s Ϫ1 . a, Representative time course images of thrombus formation. b, Computer off-line time course analysis of the surface coverage by single adherent platelets (white bars), small (gray bars), or large thrombi (black bars). The area covered by each type of element was expressed as the percentage of the area covered by all elements (platelets and thrombi). In WT blood [G␣q ϩ/ϩ nϭ5 (upper panel) or PLC␥2 ϩ/ϩ nϭ6 (lower panel)], the surface occupancy by single platelets was progressively replaced by small and then large aggregates. In G␣q Ϫ/Ϫ blood (nϭ3), no major differences were observed as compared with the WT. In PLC␥2 Ϫ/Ϫ blood (nϭ6), the surface coverage mainly consisted of single platelets after 2 minutes of perfusion. c, Thrombus volume at 90 seconds of perfusion. A significant decrease in thrombus volume was observed in G␣q Ϫ/Ϫ (nϭ4) as compared with WT blood (G␣q ϩ/ϩ nϭ9) (**Pϭ0.0028), whereas thrombi were absent in PLC␥2 Ϫ/Ϫ blood (nϭ3) (**Pϭ0.0091).
Perfusion of G␣q Ϫ/Ϫ blood showed that individual platelets adhered with kinetics comparable to those of platelets in matched G␣q ϩ/ϩ blood ( Figure 1a ). Thrombus growth during the 2 minutes of perfusion was nevertheless abnormal, with an increased number of smaller aggregates. However, image analysis revealed only a slight decrease in the percentage of the surface covered by platelet aggregates (90.7%), which was comparable to the wild-type (Figure 1b ). This minimal defect in surface coverage prompted us to investigate the thrombus volume. After 90 seconds of perfusion, the surface was analyzed by confocal scanning microscopy with 3-m sections and the platelet thrombi were reconstructed using computer-assisted image analysis software. The thrombus volume was significantly decreased in G␣q Ϫ/Ϫ blood, reaching only 41% of that in wild-type blood, largely because of a reduced thrombus height (Figure 1c) .
A more important defect was observed in perfusion studies of PLC␥2-deficient blood. Although PLC␥2 Ϫ/Ϫ platelets adhered normally during the first 20 seconds of perfusion, the first layer of adherent platelets was virtually incapable of capturing additional platelets from flowing blood or of forming aggregates (Figure 1a ). After 2 minutes of perfusion, single platelets represented the majority of elements (85.6%) bound to the collagen surface, unlike in wild-type or G␣q Ϫ/Ϫ blood (Figure 1b ). This lack of thrombus formation was observed equally well at high (3000 s Ϫ1 ) as it did at moderate (1500 s Ϫ1 ) shear rates (Figure I, available online at http:// atvb.ahajournals.org). In the absence of aggregates, the surface continuously captured individual platelets and the number of adherent cells steadily increased during the 2 minutes of perfusion ( Figure I ). Confocal microscopy 3-dimensional analysis confirmed that PLC␥2-deficient platelets adhered as a single layer incapable of forming aggregates (Figure 1c ).
Characterization of a Laser-Induced Mesenteric Arterial Thrombosis Model of Increasing Severity
In vitro flow studies on collagen surfaces provide a tool to evaluate thrombus formation and dissect the role of individual partners, but conversely they do not reproduce the complexity of the blood vessel. Experiments were therefore performed in an in vivo model of laser-induced localized thrombosis in mesenteric arterioles, which was first established in control C57BL/6J mice. Reproducible superficial and severe injuries were induced by adjusting the laser intensity and number of pulses as described in the Methods section.
In superficial injuries, as already described, 25 thrombus formation evolved biphasically, with platelets quickly accumulating at the site of endothelial desquamation to form a parietal thrombus peaking at 53 seconds. This was followed by progressive erosion, resulting in an 82% decrease in thrombus surface area after 2 minutes (Figure 2a ). In severe injuries, a parietal thrombus formed progressively during the first 90 seconds and reached a size 12-times larger than in superficial lesions, leading to near occlusion of the vessel lumen (Figure 2b) . Contrary to the thrombi in the less severe injury, the thrombus size did not significantly decrease during the next 3 minutes.
Both models were evaluated for their responses to known antiplatelet drugs and thrombin blockade. Thrombus formation was abolished in the superficial lesion by injection of the [**Pϭ0.00373 in the superficial lesion (nϭ8 vessels in 3 mice compared with nϭ7 vessels in 2 untreated mice) and **Pϭ0.0037 in the severe lesion (nϭ7 vessels in 4 mice compared with nϭ8 vessels in 4 untreated mice) for clopidogrel]. Treatment with 6 mg/kg intravenous aspirin had a minor effect in the superficial lesion [NS, Pϭ0.5981 (nϭ13 vessels in 3 mice compared with nϭ10 vessels in 3 untreated mice)] and no effect in the severe lesion [NS, Pϭ0.9431 (nϭ5 vessels in 5 mice compared with nϭ8 vessels in 6 untreated mice)]. Treatment with 100 000 U/kg subcutaneous hirudin had no effect in the superficial lesion [NS, Pϭ0.8590 (nϭ9 vessels in 3 mice compared with nϭ12 vessels in 3 untreated mice] but reversed thrombus progression in the severe lesion [**Pϭ0.0027 (nϭ8 vessels in 4 mice compared with nϭ6 vessels in 4 untreated mice)].
GPIIb-IIIa antagonist eptifibatide and was profoundly decreased in mice treated with the P2Y 12 ADP-receptor inhibitor clopidogrel, but it was not affected by treatment with hirudin or with aspirin (Figure 2a ). In the severe lesion, thrombus formation was greatly reduced by injection of eptifibatide (80% reduction in size at 2 minutes) and by treatment with clopidogrel (65% reduction in size at 2 minutes), and was not affected by aspirin treatment (Figure 2b) . However, and contrary to the superficial lesion, thrombus formation was severely decreased after treatment with hirudin, indicating thrombin formation.
Therefore, the 2 models respond to the more potent antiplatelet agents, a GPIIb-IIIa blocker and clopidogrel, are insensitive to aspirin and differ in their response to thrombin blockade.
PLC␥2 ؊/؊ Mice Display a Decreased Tendency to Thrombosis in Superficial Lesions
A severe impairment of thrombus formation was observed in PLC␥2 Ϫ/Ϫ mice after superficial laser-induced lesion of the mesenteric arteries. Maximum thrombus surface area represented only 35% of that in matched PLC␥2 ϩ/ϩ mice, and after 2 minutes almost no residual platelets could be visualized on the damaged area, unlike in PLC␥2 ϩ/ϩ animals (Figure 3a) . A different picture emerged in the more severe injury model, in which thrombosis developed actively in PLC␥2 Ϫ/Ϫ mice. The initial thrombus growth was comparable to that in PLC␥2 ϩ/ϩ mice, and the maximal thrombus size and stability were not significantly decreased (Figure 3b) . These results indicate that PLC␥2-dependent platelet signaling is needed for parietal arterial thrombus formation in a mild lesion of the vessel wall, but that its deficiency cannot prevent thrombosis in a more severe lesion exposing deeper subendothelial structures.
G␣q ؊/؊ Mice Are Protected Against Thrombosis in a Model of Severe Arterial Injury
Defective arterial thrombus formation was also observed in G␣q Ϫ/Ϫ mice, but the defect differed from that of PLC␥2 Ϫ/Ϫ animals in that it was also observed in a severe lesion. In a superficial injury, the thrombus peak was diminished by 52% as compared with G␣q ϩ/ϩ mice (Figure 4a ). Stepwise decreases were noticed in the descending portion of the curve, indicating a tendency to embolization of platelet aggregates. Unlike in PLC␥2 Ϫ/Ϫ animals, a residual layer of platelets remained at later times. The thrombus instability in G␣q Ϫ/Ϫ blood was even more apparent in the severe injury model (Figure 4b ). In these lesions, although the thrombus initially developed normally during the first minute, this was followed by a steep decrease in thrombus size because of stepwise detachment of large platelet emboli. This behavior, clearly different from that observed in PLC␥2 Ϫ/Ϫ mice (Figure 3b) , indicates that the G␣q-dependent signaling pathway plays a major role in thrombus growth and stability but is less essential for initial thrombus formation.
Discussion
There is overwhelming evidence for the critical involvement of PLC-dependent signaling in platelet activation and for a major role of the 2 main isotypes, PLC␤ and PLC␥2. 2, 3, 9, 26 The present study established that signaling through PLC␥2 and G␣q/PLC␤ plays an important role in arterial thrombosis, but that the contributions of these 2 pathways differ depending on the severity of the vascular lesion.
In vitro perfusion of blood over a fibrillar collagen surface under high (3000 s Ϫ1 ) or intermediate (1500 s Ϫ1 ) shear Lower panels are thrombus surface time courses in WT (black curve) and PLC␥2 Ϫ/Ϫ mice (gray curve). In PLC␥2 Ϫ/Ϫ mice (nϭ13 vessels in 5 mice), thrombus size was significantly less (***Pϭ0.0002) than in WT (nϭ16 vessels in 4 mice) in the superficial lesion. In the severe injury (b), thrombus growth in PLC␥2 Ϫ/Ϫ mice (nϭ5 vessels in 3 mice) was comparable to that in WT (nϭ11 vessels in 6 mice) and maximal size was not significantly decreased (NS, Pϭ0.5711). Figure 4 . Role of the platelet G␣q/PLC␤ pathway in arterial thrombosis. Superficial (a) and severe lesions (b) were generated in G␣q ϩ/ϩ (black curve) and G␣q Ϫ/Ϫ (gray curve) mice and analyzed as described in Figure 3 . G␣q Ϫ/Ϫ mice (nϭ13 vessels in 3 mice) displayed defective thrombus formation as compared with WT animals (nϭ16 vessels in 4 mice) in the superficial lesion (*Pϭ0.0117). Protection against thrombosis was also found in the severe lesion where the thrombus showed a tendency to embolize (nϭ4 vessels in 3 G␣q Ϫ/Ϫ mice and nϭ6 in 3 WT mice) (NS, Pϭ0.2571).
conditions revealed defective thrombus formation in the PLC␥2and G␣q-deficient mice. In these experiments, the initial capture of single platelets, in which the GPIb-V-IX complex plays a major role, was not affected by the absence of PLC␥2 or G␣q, confirming that these adhesive events occur independently of PLC-dependent inside-out signaling. 9, 10 The ensuing aggregate formation and thrombus extension were, however, completely prevented in PLC␥2 deficiency, indicating that the signals originating from adhesion receptors were absolutely required to initiate thrombus growth in this flow system. A comparable defect in collagen flow experiments has been reported for mice deficient in GPVI or FcR ␥-chain, 7, 13, 21 or after blockade of GPVI in human platelets. 27 This is in agreement with the major involvement of GPVI/FcR-␥ in collagen-induced activation and its critical requirement for the PLC␥2 pathway. 26 Previous flow studies of PLC␥2-deficient blood performed at lower shear rates (800 s Ϫ1 ) showed a decreased platelet coverage of the collagen surface but provided no information on the single or aggregated nature of the adherent platelets. 7 Although an analysis of the platelet surface coverage pointed to efficient aggregate formation in G␣q-deficient blood, confocal scanning analyses revealed a significant decrease in the total thrombus volume with aggregates individually of smaller size than in the wild-type, suggesting a defect in thrombus growth and/or stability. Because our assay was performed in the presence of hirudin, G␣qdependent inside-out activation would be expected to depend mostly on ADP and TxA 2 . In G␣q deficiency, Gi and G13 signaling remain normal 3 and thus provide alternate routes for aggregate formation. Clopidogrel treatment completely abolished aggregation in G␣q Ϫ/Ϫ perfusion experiments, thereby supporting a major role of the P2Y 12 /Gi pathway (data not shown).
The dramatic decrease in thrombus development in PLC␥2-deficient blood in the perfusion system suggested an essential role of this pathway in initiating thrombus formation with a more modest involvement of G␣q/PLC␤. However, the results generated in vivo led to reconsider the relative contribution of the two PLC pathways. In fact, protection against thrombosis was observed in both PLC␥2 Ϫ/Ϫ and G␣q Ϫ/Ϫ mice but varied depending on the degree of vessel wall injury.
In a mild injury, the results were in accordance with the collagen flow assay with an important role of the PLC␥2 pathway (Figure 3a ). Defective arterial thrombosis indicated the importance of platelet responses to von Willebrand factor and collagen in this model. Existence of a residual thrombus suggested, however, the existence of alternate routes of activation possibly through another PLC␥ isotype, such as PLC␥1, 7 or caused by traces of soluble agonists such as ADP. 11 Blockade of this residual response by clopidogrel treatment (data not shown) indicated its requirement for ADP. Indication that thrombus formation in the superficial lesion depends on combined signaling through adhesion receptors and ADP/P2Y 12 is further supported by its incomplete blockade in G␣q Ϫ/Ϫ mice (Figure 4a ).
Resistance to thrombosis was no longer observed in PLC␥2 Ϫ/Ϫ mice after a more severe injury, suggesting an inverse relationship between the importance of PLC␥2 and severity of the arterial lesion. This hypothesis was further supported by an increased defect after a milder lesion (23% decrease in laser intensity) in the superficial injury model ( Figure II , available online at http://atvb.ahajournals.org). One likely explanation for the lack of protection against thrombosis in PLC␥2 Ϫ/Ϫ mice after a severe injury is its strong dependency to thrombin as shown by its sensitivity to hirudin. Adhesion functions being preserved in PLC␥2 Ϫ/Ϫ (Figure 1) , thrombin generated locally, and subsequent ADP release would then be sufficient for full platelet activation and thrombus growth. Therefore, PLC␥2-dependent activation triggered by adhesive receptors seems to play a minor role in thrombus extension in a thrombin-dependent arterial injury. The origin of thrombin in the severe injury model has not been formally identified but could result from tissue factor (TF) exposure or, maybe less likely, from turbulent flow conditions. Analysis of TF-deficient (TF ϩ/Ϫ ) or low-TF mice 28 or in situ detection of TF by real-time imaging 24 could be used to address this question.
Blockade of the GPVI/FcR ␥-chain receptor for collagen was recently proposed as a promising antithrombotic strategy on the grounds of decreased collagen-induced thrombus formation in human studies 27 and of reduced ex vivo and in vivo thrombosis in GPVI immune-depleted and FcR ␥-chaindeficient mice. 18 In fact, the responses in different flow studies ranged from severely defective thrombus formation to modest consequences. 21, 29 The present finding of normal thrombosis in PLC␥2-deficient mice in a severe arterial lesion raises questions as to the usefulness of targeting this pathway and the upstream adhesive receptors.
A role of PLC␥2-dependent signaling in superficial injuries could still have some relevance to the clinical situation. Both superficial lesions and rupture of atherosclerotic plaques are considered to be important in precipitating arterial thrombus formation in patients with coronary disease. 30, 31 In the former situation, in which the role of thrombin might be less predominant, the underlying matrix and its richness in collagen fibers could play a more important role in thrombus formation
Resistance to thrombosis was observed in both types of injuries in G␣q Ϫ/Ϫ mice, confirming the essential role of ADP-and thrombin-dependent signaling for arterial thrombosis. 11, 16 Decreased thrombosis in the superficial lesion in G␣q Ϫ/Ϫ mice is most probably caused by lack of P2Y 1 signaling because this model is not affected by aspirin and hirudin treatments. Contrary to PLC␥2 Ϫ/Ϫ , resistance to thrombosis was also observed in the more severe lesion in G␣q Ϫ/Ϫ and was in the form of a decreased stability of the forming thrombus.
The different responses of PLC␥2-deficient mice in superficial and severe lesions are a warning against conclusions as to a lack or presence of protection against thrombosis solely on the basis of a single model. The possibility of misinterpretation was recently illustrated by differences in terms of embolization and vessel occlusion, in mice with a deletion in the fibrinogen-␥ chain, according to whether analyses were performed in FeCl 3 -injured mesenteric arterioles or carotid arteries. [32] [33] [34] An advantage of the laser-induced model used in the present study over the FeCl 3 models is the possibility of covering a controlled range of lesions in a limited area of the arterial wall. In a model of FeCl 3 -induced injury of carotid arteries similar to that used by Jirouskova et al, 32 we only observed a mild thrombosis defect in PLC␥2-deficient mice with a normal time to first occlusion ( Figure III , available online at http://atvb.ahajournals.org). In the same model, thrombosis was severely affected in G␣q-deficient mice or in mice treated with hirudin. These results are in line with those in the severe laser-induced lesion and further question the importance of adhesion receptor-dependent signaling in acute arterial thrombosis.
